With population aging, "do not resuscitate" (DNAR) decisions, pertaining to the appropriateness of attempting resuscitation following a cardiac arrest, are becoming commoner. It is unclear from the literature whether using age to make these decisions represents "ageism." We undertook a systematic review of the literature using CINAHL, Medline, and the Cochrane database to investigate the relationship between age and DNAR. All 10 studies fulfilling our inclusion criteria found that "do not attempt resuscitation" orders were more prevalent in older patients; eight demonstrated that this was independent of other mediating factors such as illness severity and likely outcome. In studies comparing age groups, the adjusted odds of having a DNAR order were greater in patients aged 75 to 84 and ≥85 years (adjusted odds ratio [AOR] 1.70, 95% confidence interval [CI] = [1.25, 2.33] and 2.96, 95% CI = [2.34, 3.74], respectively), compared with those <65 years. In studies treating age as a continuous variable, there was no significant increase in the use of DNAR with age (AOR 0.98, 95% CI = [0.84, 1.15]). In conclusion, age increases the use of "do not resuscitate" orders, but more research is needed to determine whether this represents "ageism."
Introduction
Although the factors affecting decisions around resuscitation have been extensively studied, the role of age remains controversial. Whether a patient undergoes cardiopulmonary resuscitation (CPR) depends on many factors, including patient preferences, predicted success rate, and the risks of the procedure versus the perceived benefit (Bruce-Jones, 1996) . To help patients make an informed decision, physicians must incorporate these factors into their decision making. Older patients are less likely to be resuscitated following a cardiac arrest than younger people in similar circumstances (Hakim et al., 1996) . This might be due to their higher mortality, but some authors argue that it constitutes "ageism" on the part of medical practitioners (Mackay, Powell, Charman, & Rozario, 2004) . Defined as "A process of systematic stereotyping of and discrimination against people because they are old, . . ." ageism can manifest in health care through the withholding of treatment solely on the basis of age (Butler, 1975, p. 173) . In resuscitation, decisions against active resuscitation based purely on a patient's chronological age without considering probability of survival, quality of life, or patient wishes may constitute ageism.
Since its adoption, the success rate of CPR has declined, partly due to the more widespread use of the technique (Lannon & O'Keeffe, 2010) . CPR was developed primarily to restart the heart and breathing of patients who suffered an acute insult leading to cardiac arrest, but is now used in many patients who have had a slower and more predictable decline, in whom the chances of success are much lower (Watkins, 2001) . Given CPR's low success rate and the high risk of 713422G GMXXX10.1177/2333721417713422Gerontology & Geriatric MedicineCook et al.
research-article2017
1 The University of Sheffield, UK complications, many authors argue that this technique should be used much more selectively (Bossaert et al., 2015; Watkins, 2001 ). However, deciding on the appropriate patients to resuscitate depends on myriad factors, including prognosis, general health, functional status, and the wishes of patients and their relatives (De Decker, Annweiler, Launay, Fantino, & Beauchet, 2014) .
Do not attempt resuscitation (DNAR) orders allow patients and doctors to make rational decisions about the appropriateness of CPR, which may be ethically unjustifiable in situations where it is unacceptably futile and inappropriately aggressive (Bossaert et al., 2015; Htut, Shahrul, & Poi, 2007; Mattes, Tung, Baum, Parikh, & Ashamalla, 2014) . Professional organizations support the appropriate use of DNAR orders. The General Medical Council (GMC) of the United Kingdom has issued guidance on their use ("Treatment and Care," 2010) .
The use of DNAR orders varies widely. Only 6.2% of cancer patients referred for palliative radiotherapy in Toronto had an active DNAR order in place (Bradley et al., 2006) . In contrast, 15% of patients at a Level-1 trauma center in Denver had DNAR orders (7% were preexisting and 8% initiated during the current admission; Salottolo et al., 2015) . The incidence of DNAR orders in intensive care unit (ICU) setting has varied from 9.3% to 11.7% (Boyd, Teres, Rapoport, & Lemeshow, 1996; Quill, Ratcliffe, Harhay, & Halpern, 2014) . The reasons for variation in prevalence are not fully understood, but probability of survival, quality of life, and age are often quoted (Rozzini et al., 2005) .
Medical practitioners are more frequently called upon to make decisions about resuscitation of older people as life expectancy increases. A quarter of the world's population will be aged 60 years and older by 2050, including 1:3 people in developed countries ("World Population Aging 2013 ," 2013 . However, there is no independent association between mortality after CPR and age (Murphy, Murray, Robinson, & Campion, 1989) . Rather, age is strongly associated with increased comorbidity, functional decline, and frailty, all of which decrease the likelihood of survival after CPR (Hakim et al., 1996) . In these circumstances, deciding not to resuscitate patients solely based on their age would seem inappropriate.
There is no consensus in the literature regarding medical practitioners' approach to age and resuscitation. Some authors observe that age affects decisions about resuscitation and suggest that this constitutes ageism, whereas others reject this assertion (Gunderson, Tomkowiak, Menachemi, & Brooks, 2005; Mackay et al., 2004; Thompson & Jenner, 1994) . Given this uncertainty, we conducted a systematic review of the literature to determine if age is independently correlated with the use of DNAR orders in critically ill patients.
Method
This study is reported in accordance with the Preferred Reporting Items for Systematic Reviews and MetaAnalyses (PRISMA) Statement for systematic reviews (Moher, Liberati, Tetzlaff, & Altman, 2009 
Search Strategy
A systematic review of the literature was conducted through Medline (via OvidSP), the Cochrane Library, and CINAHL (via EBSCO). The electronic search was supplemented by a manual search of reference lists of relevant articles. All relevant articles between January 1990 and September 2016 were included. Although "DNAR" orders were used prior to 1990, they were far less common, and much current thinking has been developed since the latter half of the 1990s. It thus seemed inappropriate to include articles prior to this date. Appendix A shows the search terms used for each element of the PICO question. Appendix B shows the search strategies used in each database.
Observational studies that assessed the age of patients and whether or not a DNAR order was placed were included. The main aim of this review was to investigate clinicians' use of DNAR orders in "real life" situations. Interventional studies were not included as they would have focused on the implementation of new or different ways of working and not reflected normal clinical practice. Inclusion criteria were as follows: if the studies analyzed factors other than age, that could affect a clinician's decision-making process; if a comparison was made between a DNAR and non-DNAR group on the basis of age or if the study compared different age groups of patients. Only studies reported in English or translated to English were included in the review.
Hypothetical studies of physician decision making, studies only investigating the patient perspective of decision making, and those that did not include patients <65 years were excluded from this review. Studies using age cutoffs of 65 years were included in the meta-analysis, while studies using different age cutoffs were only included in the narrative synthesis.
Data Extraction, Reporting of Outcome, and Critical Appraisal
Data were extracted by the five primary researchers (I.C., A.K., L.L., M.M., and G.M.), and checked by the research supervisor (I.S.), using a standardized form (Appendix C). Disagreements were resolved through consensus. Studies were critically appraised using the Critical Appraisal Skills Program (CASP) checklist for assessing cohort studies (A. Hill et al., n.d.) . The proportion of patients in each age group who had a DNAR order and the adjusted likelihood of having a DNAR order were recorded when reported in the study.
Meta-Analysis of Data
Data from studies presenting age in comparable formats were meta-analyzed to determine the overall association between age and the likelihood of having a DNAR order. Results were presented as forest plots. Statistical heterogeneity was assessed using the I 2 and Cochran Q statistics. A funnel plot of studies and subgroups included in the meta-analysis was produced to detect publication bias.
Results
Of the 612 unique studies identified, 10 were included in the final review (Appendix D: PRISMA flow diagram).
Overview of Studies Included in the Review
Eight studies were retrospective observational studies that investigated patient's medical charts or records, while two were prospective (Brizzi et al., 2012; Hamel et al., 2000) . Four were multicenter studies (Boyd et al., 1996; Dean, Martinez, & Newgard, 2015; Hakim et al., 1996; Quill et al., 2014) . Sample size ranged from 109 to 269,002 patients. Most studies investigated hospital inpatients, including three studies analyzing patients from ICUs (Boyd et al., 1996; Koch, Rodeffer, & Wears, 1994; Quill et al., 2014) . Five studies investigated patients with specific medical conditions, including intracerebral hemorrhage (ICH; two studies), severe traumatic brain injury (TBI), stroke, and kidney failure (Alexandrov, Bladin, Meslin, & Norris, 1995; Anderson, Sikorski, & Finucane, 2006; Brizzi et al., 2012; Dean et al., 2015; Yang, Li, & Guo, 2015) .
Nine studies used logistic regression to analyze factors associated with DNAR decisions. The final study (Koch et al.) used log-linear modeling to identify associations between variables, but did not quote the adjusted odds ratios from their model in their results (Koch et al., 1994) . (Koch et al., 1994) . All 2,185 patients were under the care of the same two physicians, reducing variations in individual physician's attitudes as a potential source of bias. The study examined factors that might influence the implementation of DNAR orders including age, race, sex, diagnosis, and acuity of illness (measured by the organ failure index). Although increasing age was correlated with DNAR orders (5.72% of <65-year-olds vs. 19.46% of those ≥65 years), this was not independent of other mediating factors. The authors suggest that the increased incidence of diseases like cancer and cardiovascular disease accounted for the increase in DNAR orders in older people. The most common reason for DNAR orders were multiple organ failure and neurological dysfunction.
Alexandrov et al. studied 450 consecutive stroke patients admitted to a single hospital in Canada. They found a significant difference in the prevalence of DNAR orders between patients aged ≥60 years with those <60 years, independent of the clinical severity of the patients' condition. The authors did not quote the odds ratios for DNAR orders in their results (Alexandrov et al., 1995) .
Boyd et al. investigated the association between age and DNAR orders in ICU patients in the United States and Europe, using two separate databases: the mortality prediction model (MPM) database (6,103 patients) and the European-North American Study of Severity Systems (ENAS) database (3,226 patients; Boyd et al., 1996) . MPM recorded DNAR orders at discharge, whereas the ENAS database recorded DNAR orders 24 hr after admission. For both databases, there was an increase in the unadjusted probability of having a DNAR order with increasing age (Table 2 ). However, after adjusting for illness severity and predicted prognosis using the MPM survival probability (mortality prediction model survival probability [MPMo] ) there was no significant difference in the odds of having a DNAR order for patients aged 65 to 74 years compared with those aged 18 to 65 years. The adjusted odds of having a DNAR order was, however, significantly greater for those aged ≥85 years (adjusted odds ratio = 2.8) in the ENAS database, and in the 75 to 84 years and ≥85 years age groups in the MPM database (adjusted odds ratios 1.5 and 2.4, respectively).
Hakim et al. studied 6,802 seriously ill patients across five different hospitals, and found that DNAR orders in patients ≥85 years were twice as common as in those aged <75 years, independent of disease category, functional impairment, quality of life, patient preference, or prognosis. The main aim of this study was to determine time to initial DNAR decision. This was the only study that looked at patient preferences as a mediating factor (Hakim et al., 1996) . Note. DNAR = do not attempt resuscitation; ICU = intensive care unit; DNR = do not resuscitate; MPM = mortality prediction model; ENAS = European-North American Study of Severity Systems; ACP = advance care planning; ADL = activities of daily living; DNH = do not hospitalize; CI = confidence interval; ICH = intracerebral hemorrhage; MPMo = mortality prediction model survival probability; DFLST = decision to forgo life-sustaining therapy; GCS = Glasgow Coma Scale; TBI = traumatic brain injury. (Vetsch, Uehlinger, & Zenklusen, 2002) .
Anderson et al. retrospectively investigated factors influencing advanced care planning in 109 dialysis patients admitted to a single nursing home (Anderson et al., 2006) . Age was treated as a continuous variable. The mean age of patients with a DNAR order was 68.5 ± 12.2 years versus 59.5 ± 12.1 years for those without (p < .003). After adjusting for race, gender, presenting complaint, and comorbidities, the odds ratio of having a DNAR order was 1. The authors used multivariate logistic regression to identify variables affecting the decision to forgo life-sustaining therapies (DFLSTs). DFLST always included, but were not limited to do not resuscitate (DNR) orders, as decisions to restrict therapy and decisions to implement only comfort therapy were also included. Age was significantly associated with having a DFLST, independent of race, gender, clinical presentation, social status, illness severity, functional status, and prognosis. Using a reference age of <65 years, the adjusted odds for having a DFLST for older age groups were 65 to 74 years: 1.50 (95% CI = [1.43, 1.58]), 75 to 84 years: 2.18 (95% CI = [2.07, 2.30]), ≥85 years: 3.44 (95% CI = [3.23, 3.67]). The large sample size and multicenter design makes the results of this study more likely to be generalizable. Data were collected through project IMPACT, a voluntary, fee-based data collection system used across the United States to collect standardized data on ICU patients. Illness severity was clearly defined, using the MPM-III. Thus, data collection and interpretation were comparable across all hospital sites included in this study. In addition, this is a relatively recent study so attitudes toward end-of-life care in the study are likely to be similar to current attitudes. Yang et al. (2015) investigated DNAR status in 759 patients with ICH. Patients with DNAR orders were older (73.1 ± 10.1 vs. 56.0 ± 13.2 years). However, after adjusting for gender, illness severity, and comorbidities, the odds of having a DNAR order decreased with increasing age (odds ratio of 0.84, 95% CI = [0.81, 0.88]).
Dean et al. investigated the use of DNAR orders in 71,275 patients with severe TBIs. Using age ≥65 years as a reference, the authors demonstrated that all younger age groups were significantly less likely have a DNAR order, independent of the level of hospital to which the patient was admitted (Table 2) . However, the multivariate analysis did not include any patient mediating factors such as injury severity or premorbid status (Dean et al., 2015) .
Meta-Analysis of Data
Two studies (Boyd et al., 1996, and Quill et al., 2014) used comparable age categories when analyzing their data. Combining the results of these studies, and using patients aged <65 years as a reference, patients aged 75 to 84 and those aged ≥85 years were more likely to have DNAR orders in place, independent of other mediating factors. However, there was no significant difference in the adjusted odds of having a DNAR order for patients aged 65 to 74 years ( Figure 1 and Appendix E). The MPM and ENAS data from Boyd's study were included in the meta-analysis separately as these two data sets represent two independent studies.
Three studies (Vetsch et al. 2002 , Anderson et al., 2006 , and Yang et al., 2015 presented age as a continuous variable. The cumulative adjusted odds for having a DNAR order with increasing age was 0.98 (95% CI = [0.84, 1.15]), demonstrating no significant increase in the likelihood of DNAR with age. There was a high degree of statistical heterogeneity between studies included in this meta-analysis (Figure 2 ). In addition, the inclusion criteria were different: Vetsch studied all patients admitted to hospital under internal medicine, whereas Anderson's study only included patients on long-term dialysis, and Yang investigated a cohort with ICH.
Discussion
This review confirmed that age is an important determinant for the initiation of DNAR orders in critically ill patients, but whether this constitutes "ageism" remains unclear. The appropriateness of DNAR orders must be judged in conjunction with patient and carer preferences, quality of life issues, and probability of survival of individual patients, which were not consistently considered in the studies reviewed.
To fully understand the findings of these studies, we need to consider what factors, other than age, were considered in their analyses. Most studies included some measure of illness severity. For example, the two studies on ICH included either severity scoring systems for the ICH or a measure of conscious level (Brizzi et al., 2012;  Note. DNAR = do not attempt resuscitation. Yang et al., 2015) . Studies of inpatients and ICU patients also included measures of illness severity, such as the MPM-III score and organ failure scores, in their respective multivariate prediction models (Boyd et al., 1996; Koch et al., 1994; Quill et al., 2014) . Other studies did not explicitly consider illness severity: While Vetsch et al. (2002) included patients' comorbidities in their analysis, they did not attempt to record illness acuity or severity. Dean's study of patients with severe TBI was primarily concerned with the variations in practice between different hospitals, and the authors admit that the omission of any measure of injury severity from their analysis would have limited the conclusions that could be drawn (Dean et al., 2015) .
Other important factors that might have affected DNAR decisions, such as patients' premorbid status, quality of life, functional status, and probability of survival were not uniformly included in all studies (Table 1) .
Only three of the eight studies explicitly considered comorbidities in their analyses (Brizzi et al., 2012; Vetsch et al., 2002; Yang et al., 2015) . However, two of the ICU studies used illness severity scores that included a measure of comorbidity (Boyd et al., 1996; Quill et al., 2014) . Only four studies assessed patients' functional status (Anderson et al., 2006; Hakim et al., 1996; Quill et al., 2014; Vetsch et al., 2002) . Apart from two of the ICUbased studies, which used the MPM-III as an estimate of illness severity, only one other study (Hakim et al.) included probability of survival in their analysis (Boyd et al., 1996; Hakim et al., 1996; Quill et al., 2014) . In the absence of a uniform approach to risk adjustment, it is difficult to assess the appropriateness of decisions made, particularly as older patients are more likely to suffer from multiple comorbidities, loss of functional independence, and a decline in quality of life. Many authors have commented on the importance of these risk factors in determining the appropriateness of resuscitation in older people (Hakim et al., 1996; Hamel et al., 2000; Rozzini et al., 2005) . The lack of a positive association between age and DNAR in two of the studies is most likely explained by a failure to include all significant mediating factors in their analyses (Koch et al., 1994; Yang et al., 2015) .
This review investigated real-life decision making by physicians. However, there is a parallel body of research investigating decision making using hypothetical scenarios. Most hypothetical studies also found a positive association between age and DNAR orders, not explained by mediating factors. A. Hill et al. (n.d.) , surveying hospital doctors, found that "7 of the 24 senior staff would not resuscitate healthy patients aged over 70" (M. E. Hill, MacQuillan, Forsyth, & Heath, 1994 , p. 1677 . In a separate study, physicians were significantly more likely to choose DNAR for a 90-year-old compared with a 60-year-old patient who was equivalent to the older patient in all respects except age (67.7% vs. 7.4%; Moore, Wiggins, & Adams, 2015) . We chose to concentrate on real-life decisions made by physicians rather than hypothetical scenarios as we were more interested in what physicians actually did, rather than what they thought they might do in a hypothetical situation.
Twelve studies comparing older and younger patients were excluded from the review (Appendix F). In two of these, the sample only included patients ≥65 years, and this did not allow comparisons of older and younger than 65 years. Both showed that DNAR orders were more common in older people, and that those ≥80 years were most likely to have DNAR orders in place, independent of their clinical status (Messinger-Rapport & Kamel, 2005; Oshitani, Nagai, & Matsui, 2014) . Other studies demonstrated a univariate association between DNAR and age but did not adjust for mediating factors (Bacchetta, Eachempati, Fins, Hydo, & Barie, 2006; Reynolds, Hanson, Henderson, & Steinhauser, 2008; Siracuse et al., 2015; Solloway, Lafrance, Bakitas, & Gerken, 2005) . Two studies looked at advanced directives other than DNAR orders; both found an increase in their use with age (Dunlay, Swetz, Mueller, & Roger, 2012; Hamel et al., 2000) .
Only one of the studies included in this review considered the impact patients' preferences for CPR had on physicians' decisions (Hakim et al., 1996) . Some researchers suggest that doctors often do not consult with patients about these decisions (Cherniack, 2002; Neuberger, Guthrie, & Aaronovitch, 2013) . Whereas the GMC recommends that patients and their families should be involved in decision making, they are often excluded or coerced (Neuberger et al., 2013; "Treatment and Care," 2010) . In this setting, patient autonomy may be neglected and decisions may be unduly influenced by physician bias. Conversely, the inappropriate imposition of CPR on patients who would rather avoid a potentially distressing and futile intervention at the end of life would also be considered a poor outcome. Reassuringly, Hakim's study suggests that patient preference was the most significant factor affecting time to DNAR decision in their cohort of seriously ill patients (Hakim et al., 1996) . Some qualitative studies excluded from this review also yielded results that shed light on clinician decision making. In focus groups of doctors and medical students, participants' views were influenced by age, medical condition, and likely outcome. Of concern, medical students were reluctant to involve patients and relatives in decisions, to protect them from unnecessary emotional stress (Tyrer, Williams, Feathers, Faull, & Baker, 2009) . In another study, patient preferences were influenced by concerns about their primary diagnosis, quality of life, prognosis, and advancing age (Ebell, Smith, Seifert, & Polsinelli, 1990) .
Age and ageism may play a part in decision making in other clinical settings. Physicians are less likely to provide aggressive emergency care for older patients with serious injuries (Giannoudis, Harwood, CourtBrown, & Pape, 2009; Kirkman et al., 2013) . Negative attitudes have also been seen in general practice and acute hospital wards (Gott, Hinchliff, & Galena, 2004; Higgins, Der Riet, Slater, & Peek, 2007) .
Limitations
There was significant methodological heterogeneity between studies in this review, particularly in relation to patients and settings. This was appropriate in many instances, as researchers sought to identify patient groups in whom DNAR orders were particularly relevant. In this regard, studies investigating patients with ICH, stroke, renal failure, and serious illness, as well as ICU-based studies were particularly useful (Anderson et al., 2006; Boyd et al., 1996; Brizzi et al., 2012; Hakim et al., 1996; Quill et al., 2014) . However, this variation in sample populations may limit the generalizability of the findings to other contexts. Although the strict limitations on age criteria may have excluded some important studies, a review of these excluded studies (Appendix F) suggests that they supported the main findings of our review.
We only included articles either written in English or translated to English. However, the articles identified included papers from North America, Europe, and China, suggesting that the research identified were from both English speaking and non-English speaking countries. In addition, our resources did not permit a thorough search of the "gray" and unpublished literature on this topic.
Conclusion
The findings of this review should be interpreted with caution. On one hand, it raises the possibility that there is an unjustified bias against older people. On the other, many of these decisions may be appropriate, when other factors are taken into account. Our review points to a need for further research to untangle these two contrasting interpretations. In particular, we need to compare decisions made by clinicians with the preferences of patients and carers. Researchers should also focus on other mediating factors that might affect this decision, including quality of life, probability of survival, comorbidities, and functional capacity. In this regard, a systematic approach to auditing DNAR orders (as described by Quill et al., but including a wider minimum data set) would help. Such an approach would also allow comparisons between hospitals and across national borders (Quill et al., 2014) . Note. PRISMA = preferred reporting items for systematic reviews and meta-analyses.
Funnel plot for studies included in the meta-analysis. 
Appendix E

<80 years
Note. DNR = do not resuscitate; DNAR = do not attempt resuscitation; CPR = cardiopulmonary resuscitation; ICU = intensive care unit; DPAHC = durable power of attorney; AD = advanced directive.
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